The effect of parathyroid hormone on erythrocytes from newborn and adult rabbits was studied in relation to the fragility pattern in hypotonic salt Solutions and the activities of Ca-and Mg-dependent ATPases. Mediän osmotic fragility of red blood cells from newborn rabbits was significantly higher than in red blood cells from mature rabbits. Parathyroid hormone increased the mean osmotic fragility of red blood cells from newborn and adult rabbits, but showed the greater effect on those from newborns.
Introduction
. . .
The anaemic syndrome, which is common to uraenuc Anaemia associated with renal failure has been at-patients, was explained by the destruction of red tributed to shortened red blood cell surviväl (l, 2). blood cells on the one band and Inhibition oferythroIt has been shown (3) that erythrocyte surviväl is poiesis on the other hand (3 -5) . Parathyroid horshortened by high levels of parathyroid hormone, mone, which is elevated in the blood of uraemic and it was suggested that this is due to augmentation patients, was claimed to be one of the factors responofcalciumentryinto the red blood cell, which affects sible for these phenomena (3) . The present study their integrity. Parathyroid hormone caused a signifi-examines the effect of Ca 2+ and parathyroid hormone cant influx of 45 Ca into red blood cells and increased on the mean osmotic fragility of young and adult the median osmotic fragility of the cells. Further-rabbits red cells and its relation to the activities of more, while not affecting erythrocyte Na/K-activated Mg-and Ca-activated ATPases. adenosine triphosphatase (ATPase), and Mg-dependent ATPase, it significantly stimulated the Ca-activated ATPase (3).
Materials and Methods
As a model for this study we used blood from newborn and J ) Part of this study was presented in the second congress of adult rabbits äs a source of young and adult red blood cells, the International Society of Animal Clinicai Biochemistry respectively. The blood was taken from newborns aged l to 48 Israel 1985, and is due to be published äs a proceeding in a hours, and from rabbits 3 to 5 months old. The osmotic fragility special issue of Clinicai Biochemistry. was evaluated by the method described by Parpart et al. (6) .
Two ml of blood were vvithdrawn into heparinized test tubes. The blood was diluted with 8.0 ml isotonic phosphate buffered saline, pH 7.4 and centrifuged for 5 minutes at 600 £. The plasma and buffy coat were discarded, and the red blood cells were vvashed twice. The first wash was with 10 ml saline containing 10 μιηοΐ/ΐ ethylene diamine tetraacetic acid-di-sodium, (EDTA-Na 2 ), adjusted to pH 7.4. The second wash was with 10 ml of a solution containing 9.9 ml phosphate-buffered saline and 0.1 ml of 100 g/l bovine serum albumin.
Each time the red blood cells were mixed with the solution by gentle Inversion and centrifuged for 3 minutes at 600 g. The washed packed cells were then suspended in phosphate-buffered saline to provide a haematocrit of 0.10. The osmotic fragility curve was determined in tripiicate in a series of tubes containing different salt concentrations ranging from 0 to 9 g/l NaCl, l mmol/1 CaCl 2 and 50 μΐ of erythrocyte Suspension to give a final volume f l ml. The reaction was carried out for 30 minutes in a shaking bath at 37 °C.
At the end of the incubation the cells were centrifuged and the absorbance of the supernatant was measured against water at 575 nm in a Pye-Unicam Sp 800-A spectrophotometer. The effect of 20 U/ml parathyroid hormone (Sigma Chemical Co. U. S. A.) on the osmotic fragility of the young and mature red blood cells was examined by the same procedure described above. The salt concentration at which a fraction of 0.50 of the erythrocytes vyere lysed was taken s an index of the median osmotic fragility acc rding Parpart et al. (5) .
Adenosine triphosphatase catalytic activity was measured in red blood cells ghosts, which were prepared acc rding to the method described by Cha (7), with some modifications. Two ml blood were withdrawn into heparinized test tubes and cooled immediately on ice. The blood was diluted to 15 ml with cold saline and centrifuged at 600 g for 10 minutes at 4 °C. The cells were washed once with cold saline and then haemolysed in 15 ml of a cold solution containing 0.1 mmol/1 Tris-HCl buffer (pH 7.4) and 0.1 mmol/I EDTA-Na 2 . The haemolysate was centrifuged at 12000g for 15 minutes at 4 °C. The supernatant was discarded and the pellet was washed several times with the above haemolysing solution until the supernatant was colourless. The washed pellet was suspended in 5 ml cold haemolysing solution for ATPase activity determination. Combined Ca-and Mg-dependent ATPase activity was determined according to the method of Cha (7), with some modifications. The reaction mixture contained 43 mmol/1 histidine-HCl buffer, pH 7.0, l mmol/1 CaCl 2 ,120 mmol/1 KC1, 5 mmol/1 MgCl 2 and erythrocyte ghost Suspension equivalent to 0.3 -1 mg protein. The reaction was started by the addition of 3 mmol/1 ATP-Na 2 . The final reaction volume was l ml.
The activity of Mg-dependent ATPase was determined in parallel, and the reaction mixture consisted of the same constituents except that CaCl 2 was omitted and l mmol/1 of ethyleneglycolbis-(araino ethyl ether), N, N 1 , tetraacetic acid (EGTA) was added. In order to study the effect of parathyroid hormone, 20 U/ml of the hormone were added to the reaction mixture, which was placed in a shaking water bath at 37 °C for 30 minutes; the reaction was stopped by the addition of l ml of cold 200 g/l trichloroacetic acid. The reactions were carried out in duplicate against blank controls which consisted of the same reagents, except that the red blood cells ghosts were added after addition of the trichloroacetic acid solution,
The reaction mixture was centrifuged in the cold at 3000 g for 10 minutes, and aliquots from the supernatant were taken for inorganic phosphate determination according to the method of Fiske & Subbarow (8) .
· f Ca-dependent ATPase activity was calculated by subtracting the activity of Mg-dependent ATPase from the total activities of Ca-and Mg-ATPase.
Protein determination in the erythrocyte ghost Suspension was carried out according to Lowry et al. (9) .
The fraction of reticulocytes in each red blood cell Suspension, prior to their treatment, was detennined after vital stainmg with Nile blue.
Density distribution curves were prepared with a gravikit (Miles Yeda, Rehovot, Israel) according to the manufacturer's instructions. The kit consists of twenty different oily phthalates with densities ranging from 1.062 to 1.138 kg/l. Each oil was added to a depth of 10 mm in a separate haematocrit tube, filled up with the blood and spun for five minutes in a haematocrit centrifuge. The length of the packed red blood cells below and above the liquid was measured in each tube and a density curve was drawn (10) .
In order to evaluate the effects of parathyroid hormone on red blood cell morpholpgy in the presence of calcium, the cells were prepared and incubated with calcium and parathyroid hormone s described previously (3). The packed cells were then fixed in 10 g/l glutaraldehyde for exammation by a scanning electron microscope.
Statistical evaluatipn was performed according to Studenfs test and the paired t-test. The results are presented s mean ± SEM.
Results
The osmotic fragility curve and the mean osmotic fragility of red blood cells from newborn and mature rabbits are given in table l and figure 1. Whereas the mean osmotic fragility of cells from adult rabbits was represented by 5.10 + 0.17 g/l NaCl, the value for newborns was 3.90 ± 1.01 g/l (p > 0.001). The value for red blood cells from adult rabbits in the presence of 20 U/ml parathyroid hormone was 5.48 ± 0.10 g/l, a difference of 0.38 ± 0.06 g/l (p < 0.001), representing an increase of 7.8 ± 1.24%. On the other band, mean lysing concentration of NaCl for erythrocytes from newborn rabbits in the presence of Tab. 1. The effect of parathyroid hormone on mean osmotic fragility of red biood cells from adult and newborn rabbits (g/l NaCl, mean ± SEM).
Adults Newborns The activities and the effect of parathyroid hormone on Mg-ATPase activity are given in table 3. The activity of this enzyme in the red blood cells from adult rabbits was significantly lower than in the cells from newborn rabbits. While the activity in the absence of parathyroid hormone in the red blood cells from adult rabbits was 0.298 ± 0.046, it was 0.599 ± 0.100 μιηο1/3(Ι min · mg protein in the young cells (p < 0.02). The presence of parathyroid hormone in the medium only slightly stimulated the activity of the enzyme. The Stimulation of the enzyme by parathyroid hormone was similar in both groups of red blood cells.
There was a significant (p < 0.01) difference in the mean fraction of reticulocytes in the blood of newborn (0.184 ± 0.046) and mature rabbits (0.040 ± 0.016) (tab. red blood cells were calculated together, there was a significant positive correlation (r = 0.86; p < 0.01) between the fraction of the reticulocytes in the blood and the relative Stimulation by parathyroid Hormone of Ca-ATPase activity. Whenever the correlation coefficient was calculated for each group alone, the values were lower (r = 0.11 for the adult cells and 0.78 for the young ones) and insignificant. Two adult rabbit blood samples were examined and both showed the same density distribution curve for the red blood cells. Two newborn samples were also identical. The density distribution curves (flg. 2) showed that, cqmpared with newborn samples, adult rabbit blood contains a higher proportion of cells of higher specific gravity. In the adults more than 90% of the cells had a density over 1.102 kg/l, whereas only 3% of the young cells had a density greater than 1.102 kg/l. This indicates that the red blood cells from adult rabbits are older and longer circulating than the cells from the newborns.
Figure 3 a shows the shape of red blood cells from adult rabbits, which served äs the control. Except for a slight irregularity in their shape, they appeared completely normal.
Addition of parathyroid hormone did not cause any structural change ( fig. 3 b) . Control erythrocytes from young rabbits also appeared quite normal ( fig. 3c ).
On the other band, addition of parathyroid hormone to these cells induced marked echinocytosis ( fig. 3 d) äs well äs a pronounced degree of red cell aggregation. There is marked echinocytosis.
Discussion
It has been shqwn that parathyroid hormone greatly increased the mean osmotic fragility of human red blood cells in hypotonic sah solution. The hormone also stimulated the activity of the membrane eüzyme, Ca-ATPase, and caused
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Ca influx into the cells (3). The present study demonstrated that erythrocytes from newborn rabbits are less susceptible to osmotic lysis in comparison to erythrocytes from adult ones. Furthermore, it showed that parathyroid hormone caused a much greater increase in the osmotic fragility of red blood cells from newborn rabbits, compared with cells from adult rabbits. The activity of CaATPase in red blood cells from newborn rabbits was stimulated to a greater extent by parathyroid hormone than that of cells from adult rabbits. Erythrocytes are a target for parathyroid hormone activity, which exerts its effects by changing Ca metabolism by enhancing Ca penetration into the cells. The present study clearly demonstrated that the degree of the parathyroid hormone effect is a function of Cä-ATPase activity in red blood cells. CQÜ' S from newborn rabbits, which showed greater Ca-ATPase activity, also showed greater Stimulation by the hormone, compared with cells from adult rabbits. It seeins, therefore, that parathyroid hormone, which is greatly elevated in the blood of patients with chronic renal failure, and which was suggested äs a cause of anaemia seen in these patients, affects young cells more than mature ones (3, 4) . Levels of parathyroid hormone used in this study are comparable to levels seen in the blood of chronic renal failure patients on dialysis. Furthermore, the observed effects of parathyroid hormone on the agglutination of red blood cells were mimicked by ultrafiltrates obtained from sera of uraemic patients (11) . It is reasonable to postulate that since the pregnancy period of rabbits is significantly shorter than the lifetime of circulating erythrocytes, the blood of newborn rabbits contains a relatively larger Proportion of young cells in comparison to adult rabbits. Indeed, this is evident from the significantly greater reticulocyte population in the blood of the newborn rabbits than in adult animals. While the mean reticulocyte level of adult rabbit blood was 0.040, it was 0.184 in the newborn. The normal rabbit blood reticulocyte level of about 0.040 is greater than that for human blood (12) . Also the difference between the density distribution curves of the red blood cells from newborn and adult rabbits clearly demonstrated that erythrocytes from newborns consisted of much younger cells than the erythrocytes from adult rabbits, which makes it a suitable model for our study.
The activities of some erythrocyte enzymes can serve äs indicators of erythrocyt age. Two commonly used enzymes are aspartate aminotransferase and glucose-6-phosphate dehydrogenase. The activities of these enzymes were fouiid to be lower in older red blood cells than in young ones (13, 14) . It is possible that the activities of other red cell enzymes, including CaÂ TPase, also decrease with age. This could explain the different activities of Ca-ATPase seen in red blood cells from mature rabbits compared with those from newborns. Since the effect of parathyroid hormone on the osmotic fragility of red blood cells is mediated by the activity of Cä-ATPase and entry of Ca 2+ into the cells, this explains the fact that red blood cells from newborn rabbits are affected to a greater extent by the hormone. It is of interest that although the levels of both CaATPase and Mg-ATPase were higher in cells from newborn rabbits, the Stimulation by parathyroid hormone of Ca-ATPase was 127.2 ± 22.0% and only 12.6 ± 4.8 of Mg ATPase, once again indicating the role of Ca and Ca-ATPase in the induction öf increased osmotic fragility.
There was a good correlation (r = 0.86; p < 0.01) between the Stimulation by parathyroid hormone of Ca-ATPase activity and the reticulocyte population in the blood. This relationship, however, was only seen when all blood samples from mature and newborn rabbits was calculated, which reflects the result that the Stimulation of Ca-ATPase was stronger in newborn than in cells from a mature rabbit. But whenever the correlation coefficients were calculated from each group alone, the values obtained were smaller and insignificant, which may indicate that the changes of the Ca-ATPase activities were correlated not only with the fraction of the reticulocytes, but were also characteristic of the whole red cell population in the investigated samples.
The cellular events linking an increase in osmotic fragility of the red blood cell and the parathyroid hormone-mediated increase in calcium influx are not evident. Several possibilities exist. First, increased calcium influx into the erythrocyte (l 5,16) and Stimulation of Ca-ATPase (16, 17) , utilize ATP, which results in ATP depletion. Recent studies suggest that ATP may have a direct effect on membrane flexibility by affecting membrane-associated structural proteins (18, 19) . Thus, ATP depletion may affect membrane stability and lead to cell destruction.
Second, red blood cells possess a membrane skeleton located at the membrane-cytosol surface, the major component being spectrin-actin (20, 21) . This cytoskeletal network participates in several membrane functions, including control of shape, viscoelastic properties, surface topology and membrane stability (20) (21) (22) . An increase in the calcium concentration of the erythrocyte causes cross-linking of membrane proteins of intact cells, and it has been suggested that the intrinsic cross-linking of membrane proteins is a key signal for the removal of red blood cells from the circulation (23) . It is possible that by enhancing calcium influx into the cells, the hormone causes cross-linking of membrane proteins, thereby affecting membrane structüre and stability. The fact that parathyroid hormone affects erythrocytes is supported by the fmding of filamentous extensions with the scanning electron microscope (3) and the agglutination of the cells (11).
The anaemia seen in patients with chronic renal failure seeins to be due to Inhibition of erythropoesis (4) and enhanced destruction of erythrocytes (3) . The present study suggests that young red blood cells are destroyed more rapidly than mature ones, and that this may occur not only in the blood, but also most probably at the site of their synthesis, namely the bone, before their appearance in the blood.
